INTRODUCTION
International epidemiological studies show that risk of colon cancer is strongly correlated to protein intake (Doll and Peto, 1981 ). Analytical (case-cohort and case- control) studies show the association of risk with consumption of red and cooked meat (Willet et al, 1990; DeVerdier et al, 1991) . Carcinogenesis studies in rats show that a diet containing a high level of protein promotes colon cancer (Topping and Visek, 1976) . We showed that a diet containing cooked casein can also promote cancer in azoxymethane-initiated rats (Corpet et al, 1990; Zhang et al, 1992) . The (Clinton et al, 1988) , but fecal ammonia did not differ between colon cancer cases and controls in a small (50 subjects) study (Clausen and Mortensen, 1992 ).
The nitrogen entering the large intestine comes from dietary proteins escaping small intestinal breakdown, endogenous proteins and mucins, and urea diffusing from blood (Demigné and R6m6sy, 1979; Macfarlane and Cummings, 1991 Dietary carbohydrates escaping digestion are very efficient in depressing ammonia in the caecum (Levrat et al, 1993) , and this might explain the protective effect of fiber against colon cancer (Cummings and Bingham, 1987; McBurney et al, 1987) . The present study focused on dietary proteins. Most proteins are highly digestible in humans. Although collagen is insoluble in cold water, it is well digested in rats and in patients with ileostomies (Laser-Reutersward et al, 1985) . Albumins (from milk, egg, or blood), keratin, and some cooked proteins, might escape small bowel digestion, and lead to high concentrations of fermentation products in the large bowel (Gibson et al, 1989) . On the other hand, it might be possible to inhibit the colonic fermentation of proteins by the use of antibiotics (Michel, 1961 (Corpet et al, 1990 ). Bovine serum albumin was purchased from Sigma (St Quentin, France), and half of it was oxidized by performic acid: 60 ml 33% (w/w) hydrogen peroxide (Sigma) and 1.1 I 99% formic acid (Sigma) were reacted at 25°C for 2 h). The mixture was cooled in an ice-salt bath to -5°C for 30 min. A solution of 50 g serum albumin in 560 ml formic acid and 125 ml ethanol was also cooled. The 2 solutions were mixed and kept at -5°C for 3 h. Then 15 ml 50% sodium sulfite was added to destroy excess performic acid. The reaction mixture was dialyzed for 24 h against cold water, and then freeze-dried. This procedure specifically breaks disulfide bonds (Mahadevan et al, 1980) . Native keratin was obtained by grinding pigeon feathers (90.7% protein). This substrate was hydrolyzed by vapor-heating the feathers twice for 50 min (120°C), followed by drying at 60°C (McCasland and Richardson, 1966 (Corpet et al, 1990 (Lied et al, 1982) . The apparent caecal digestibility of nitrogen was calculated according to the formula:
The apparent caecal digestibility of the proteins under study was estimated by including in the calculation the relative amounts of the protein and casein in the diet, and the digestibility of raw casein.
Caecal fermentation of proteins
Caecal contents from the 24 rats given 1 of the 6 proteins described above were analyzed further to determine the fermentation of the proteins reaching this part of the bowel. Since bacterial metabolites are absorbed by the caecal mucosa, the caecal content was incubated immediately after removal for 6 h at 37°C, in a 1-ml plastic syringe that maintained anaerobiosis. Ammonia was determined in the supernatant of centrifuged diluted samples, by a spectrophotometric method using phenol nitroprusside, the blue indophenol being red at 570 nm (Sigma kit # 640). Volatile fatty acids were determined by gas chromatography, by the method of Jouany (1982) Figure 2 shows the correlation between 2 markers of protein fermentation in incubated caecal samples: the ratios of ammonia and branched-chain fatty acids concentrations vs total nitrogen. The rat-by-rat correlation between both markers was 0.87 (p < 0.01 The fermentation of the various proteins was correlated to their digestibility shown in figure 1 (rat-by-rat correlation of 0.45, p < 0.05). The highly digestible raw casein yielded most ammonia and branched-chain fatty acids per g of caecal nitrogen, while the undigested keratin and cooked casein yielded the least fermentation products per g of nitrogen (both p < 0.01 compared with uncooked casein).
Caecal ammonia Figure 3 shows the caecal concentration of ammonia, measured before the in vitro incubation. This measurement integrates both the digestion and the fermentation of proteins, as well as the absorption by the mucosa. Rats fed cooked casein had considerably more ammonia in the caecum, and rats fed native albumin much less, than the other rats (both p < 0.01 compared with uncooked casein). The caecal ammonia in rats fed keratin, or processed Antibiotic inhibition of caecal fermentations Figure 4 shows that in rats fed cooked casein, the administration of low doses of antibiotics via drinking water decreased the ammonia in incubated caeca. Spiramycin (80 /l-g/ml) was the most effective in decreasing the caecal ammonia (45% decrease compared with control rats, p = 0.004). It was, however, less active than high doses of antibiotics (75% decrease, p < 0.001 ). Caecal weights were inversely correlated to the caecal ammonia concentrations (r = -0.90, p < 0.001 ). In the duplicate experiment involving 8 control rats and 8 rats given 80 tig/mi spiramycin, the antibiotic also decreased caecal ammonia, from 1.2 ± 0.2 to 0.8 ± 0.1 mg/g (p = 0.002).
DISCUSSION
The cooking of casein at 180°C for 2 h halved its faecal digestibility and reduced its caecal digestibility to zero. This marked loss of digestibility might explain its cancer-promoting properties. The discrepancy between faecal and caecal data must be due to the proteolysis by gut flora. Keratin was also not digested in the small bowel of rats, which is in contrast to vapor-heated keratin, as reported by McCasland and Richardson (1966 (Gibson et al, 1989 (Mahadevan et al, 1980 (Macfarlane and Cummings, 1991) , since urea hydrolysis would not yield branched-chain fatty acids, and would be maximal in rats given highly digested proteins (Demigné and R6m6sy, 1979) . In another experiment, we found a 3-fold difference in caecal ammonia between 9 rats given a diet containing 20% raw casein, and 9 rats given 20% cooked casein (p < 0.001, data not shown). Since ammonia concentrations in rats are correlated with proliferation of colonic mucosa (Lin and Visek, 1991) , and intrarectal instillations of ammonium acetate promote colon cancer in chemically induced rats (Clinton et al, 1988) , it might be speculated that release of ammonia in the gut explains the cancer-promoting effect of cooked casein (Corpet et al, 1990; Zhang et al, 1992) . This speculation should be confirmed by a specific trial, but it could not be done by using a diet containing keratin, since this protein was poorly fermented in rats (see figs 2 and 3). (Frangois and Michel, 1968 
